Abstract: Attempts have been made to prepare for the first time the octasubstituted-triphenodioxazines and triphenodithiazines heterocycles by cyclisation of 3,6-dichloro-2,5-bis(2',4',5'-trichloroanilino)-1,4-benzoquinone and condensation. This wasfollowed by cyclisation of substituted 2-aminobenzenethiol respectively with chloranil and bromanil in ethanolic solution of fused sodium acetate in the presence of benzoyl chloride in nitrobenzene. Their structures were confirmed on the basis of their chemical and spectral analyses. Moreover, the biological activity of these compounds was evaluated against the test organisms viz -E.coli, S. aureus, B. subtilis, M.luteus and C. albicans. These compounds synthesized from 2,4,5-trichloroaniline appeared to possess significant antimicrobial activities and an explicit correlation between structure and biological activity was also observed.
Introduction
From the literature survey, it appears that the presence of a halogen atom is crucial for significant activity in compounds derived from both 'Nature' and 'Chemical Synthesis'. The influence of a substituent such as chlorine on the biological activity of a potential drug agent still has to be established empirically in biological experiments designed to detect desired activity. However, chlorinated organic chemicals in the molecular weight between 200 and 600 constitute an important and indispensable segment in the arsenal of existing biologically active chemicals used as pharmaceutical agents [1] .
A literature study also proposes that almost no octasubstituted-triphenodioxazine (TPDO) and triphenodithiazine (TPDT) derivatives have so far been synthesized and studied. It was thought worthwhile to prepare these new classes of heterocycles to study their antimicrobial activities and determine their MICs (Minimum Inhibitory Concentrations), MBCs (Minimum Bactericidal Concentrations) and MFCs (Minimum Fungicidal Concentrations) against Escherichia coli (causative for diarrhea), Staphylococcus aureus (causative for wound infection), Bacillus subtilis, Micrococcus luteus and Candida albicans (yeast).
The discovery and development of triphenodioxazine (TPDO), triphenodithiazine (TPDT) and their derivatives not only place them as a useful coloring materials in the textile industry [2] for coloring plastics, varnishes, viscose, rubber, paper [3] [4] [5] , but also as potential pharmaceutical agents [6, 7] . These have been equally useful as antibacterial, muscle-relaxant, and hypnotic agents [8] , antifungal [9, 10] , tranquillizers [11] , antiinflammatory [12] , antitumor [13, 14] , antipsychotics Synthesis and biological screening of octasubstituted-triphenodioxazines and its sulphur analogues with some novel intermediates [15] , antihistamines [16] , and some recent applications regarding the preparation of nonlinear optical wave guiding polymer films [17] [18] [19] , bearing a unique photovoltaic property also [20] . Thus, the industrial importance of these compounds lies in the fact that they a find variety of applications in almost every field of life.
A number of TPDO and TPDT compounds have been reported for their multifaceted applications. Therefore, the present communication deals with the synthesis of new class of octasubstituted TPDO and TPDT heterocycles with their utilitarian novel intermediates. The octachlorotriphenodioxazine (1c) and its bromo derivative (1d) were prepared by condensing 2,4,5-trichloroaniline with chloranil / bromanil (tetrahalop-benzoquinone) respectively in the presence of fused sodium acetate followed by oxidative cyclisation of resulting dianilino-p-benzoquinone (1a,1b). Whereas, octachlorotriphenodithiazine (2c) and its bromo derivative (2d) were synthesized in multi-steps through condensation followed by cyclisation of 2-amino-3,5,6-trichlorobenzenethiol (2b) with chloranil and bromanil respectively.
Experimental Procedure

General
All the melting points were determined by open capillary method and are uncorrected. IR spectra were recorded in KBr pellets on FTIR 8201 PC spectrophotometer and 1 H NMR spectra in DMSO solvent were run on 300 MHz FTNMR spectrometer using TMS as an internal standard. The FAB MS were recorded on a JEOL SX 102/DA-6000 mass spectrometer whereas UV-vis spectra were recorded in Perkin-Elmer Lambda 15 UVvis spectrophotometer. Elemental analysis was carried out on Elemental Analyzer Vario EL 111 Carlo Erba 1108 for all the newly synthesized compounds. Spectral and elemental analysis was accomplished at SAIF -CDRI (Lucknow). All the reagents were used as obtained commercially. The purity of the compounds in addition to spectral and elemental analyses was checked regularly in each step using TLC [60 mesh from Merck].
Experimental procedure for the preparation of octasubstituted triphenodioxazines 1c and 1d
Title compounds 1c and 1d were synthesized in two steps by a method described by Meister, Lucius and Bruning [21] . Some modifications were also employed to get a better yield. The general route for the synthesis is shown in Scheme 1. 
Preparation of dianilino
Preparation of title compounds 1c and 1d
A mixture of dianilino-p-benzoquinone 1a, 1b (0.01 mol) respectively with nitrobenzene (40 mL) and benzoyl chloride (20 mL) was stirred under reflux at 80 0 C for 10-11 hours until the color of the reaction mixture turned dark. The reaction mixture was cooled down overnight to room temperature then filtered. The residue obtained was first washed with 30% ethanol and finally with hot water to give the desired products. After washing several times with petroleum ether, products were re-crystallized from DMF/nitrobenzene to give title compounds 1c and 1d. The general route for the synthesis of 2c and 2d is shown in Scheme 2. Title compounds were synthesized through following multi steps:
Preparation of 2-amino -4, 6, 7-trichlorobenzothiazole '2a'
Compound 2a was synthesized by a method described by Kaufmann and Kuchler [22] , but some modifications were also employed to reach the desired product with a better yield. To a solution of 2,4,5-trichloroaniline (1.98 g, 0.01 mol) with glacial acetic acid (80 mL) and ammonium thiocyanate (7.6 g, 0.1 mol), a solution of cuprous chloride (9.9 g, 0.10mol) was added with 50 mL of ethanol. The mixture was refluxed for one and half hours with constant stirring at constant temperature 70 0 C. Approximately 100 mL dilute hydrochloric acid was added in and temperature was raised to 100 0 C and heated again for the next half an hour, then cooled and neutralized with saturated sodium carbonate. 
. General procedure
To a stirred suspension of chloranil/bromanil (0.1 mol) and 2-amino-3,5,6-trichlorobenzenethiol 2c (50.6 g, 0.2 mol) in ethanol (50 mL), anhydrous sodium acetate (8.2 g, 0.1 mol) was added. The mixture was refluxed at 55 0 C for almost 100 hours, cooled overnight to room temperature and the residue that precipitated was filtered then washed with water followed by 30% ethanol and further crystallized from DMF/acetone to give the desired title products 2c and 2d. Structures were determined from the FAB MS, 1 H NMR and FTIR of the respective compounds. 3.3.2. 1, 3, 4, 6, 8, 10, 11 
2.
Biological screening
Preliminary screening for antimicrobial activity
In the study of antimicrobial activity, the test organisms The sample [1a-2d] was dissolved in DMSO (200 μg mL -1 concentration for bacterial and 200 μg mL -1 for fungal strains). The test was performed by disc diffusion assay as per NCCLS, 1997 [26] . The nutrient agar plates containing an inoculum size of 10 6 cfu mL 
Determination of minimum inhibitory concentration (MIC), minimum bactericidal concentration (MBC) and minimum fungicidal concentration (MFC)
The MIC was determined by a tube dilution method for each of the test organisms in triplicates. To 0.5 mL of varying concentrations of sample (0 -200 μg mL -1 for bacterial strains and 0-200 μg mL -1 for fungal strains), 2 mL of nutrient broth was added. Then, a loopful of test organism (previously diluted to 0.5 McFarland turbidity standards for Bacterial isolates and 10 6 cfu mL -1 for fungal strains) was introduced to the tubes. The procedure was repeated on the test organisms using standard antibiotics streptomycin (for bacteria) and fluconazole (for fungi). A tube (containing nutrient broth seeded with test organisms) served as a control. The tubes containing bacterial cultures were then incubated at 37 0 C for 24 hours for bacteria and 30 0 C for 3 days for fungal spores. After incubation the tubes were examined for microbial growth.
To determine the MBC [27] and MFC [28] for each set of test tubes in the MIC determination, a loopful of broth was collected from those tubes which did not show any growth and inoculated on sterile nutrient agar (for bacteria) and RPMI 1640 (for fungi) by streaking. Plates inoculated with bacteria and fungi were incubated at 37 0 C for 24 hours and 30 0 C for 3 days respectively. After incubation, that concentration was noted as MBC (for bacteria) or MFC (for fungi) at which no visible growth was observed (Table 2) .
Results and discussion
Synthesis
In this communication, we have synthesized eight new polychlorinated heterocyclic compounds 1a-1d and 2a-2d. The synthesis of 1a-1b has been achieved by condensation of 2,4,5-trichloroaniline with chloranil and bromanil respectively, which upon further cyclisation yielded the title compounds 1c and 1d respectively. The structure of the product formed has been confirmed by elemental analyses, NMR, IR and Mass spectral studies.
The synthesis of 2c-2d has been achieved by applying a different approach through intermediates 2a and 2b. Compound 2a was synthesized from thiocyanation of aniline with CuCl/NH 4 SCN in alcohol, which upon hydrolysis with KOH gave 2b. Cyclisation of 2b with chloranil/bromanil yielded the title products 2c and 2d respectively. The structures of the products have been confirmed again by elemental analyses, NMR, IR and Mass spectral studies.
A UV spectral study has also been accomplished for 1a-1d and 2c-2d. The λ max values suggest that a bathochromic shift is observed after substituting more electronegative Cl by relatively less electronegative Br. The similar impression is noticed after replacing oxygen (1c, 1d) by sulphur (2c, 2d). Although increments in λ max values are reasonably less as the difference in electronegativity is also less and some sort of conformational rigidity must be present in the system. Synthesis and biological screening of octasubstituted-triphenodioxazines and its sulphur analogues with some novel intermediates
Biological screening
One of the purposes for preparing these new classes of compounds was to evaluate their antimicrobial activity. The preliminary antimicrobial activities for all the products have been shown in Table 1 . In the terms of the zone of inhibition, the maximum activity was shown by 1a against E. coli; 1b, 1c against M. luteus and 2c against E. coli, S. aureus and B. subtilis whereas the minimum zone of inhibition was observed by 1d and 2d against all strains. Significant activity of 2c was shown against B. subtilis in comparison to standard antibiotic Streptomycin, whereas the almost similar zone of inhibition was depicted by 1a against E. coli and B. subtilis. The results of MICs and MBCs are summarized in Table 2 . The results revealed that compound 2c was highly active against B. subtilis and almost similar to moderate sensitivity was shown by 1b and 1c against M. luteus. Only compounds 2a and 2b expressed moderate sensitivity against C. albicans with respect to standard antibiotic Fluconazole.
Based upon the above findings in our study, we can establish a correlation between structure and biological activity, where the activity is significantly decreased by replacing Cl with Br on the title compounds.
Conclusion
Four new polychlorinated triphenodioxazine (TPDO) and triphenodithiazine (TPDT) heterocycles were synthesized from 2,4,5-trichloroaniline with two newly reported benzoquinones, aminobenzenethiol and benzothiazole, as intermediates. Biological screening and values of MICs for the newly synthesized compounds suggest that the presence of a Cl atom (like any other substituent) on these compounds serves as a modulator of activity and replacing Cl by Br astoundingly diminishes the biological activity. Hence, it can be stipulated that there is a definite correlation between structure and biological activity. Compounds 1a and 2c have significant antimicrobial activity against E.coli and B. subtilis. Therefore, these active compounds can be exploited as antibacterial agents for the production of new drugs. Moreover, λ max values for TPDO and TPDT heterocycles also make them good chromogenic compounds. 
